ABSTRACT
INTRODUCTION
Electric bicycles (e-bikes) are two-wheeled vehicles powered by electric motor and battery. According to the National Bureau of Statistics, there were over 200 million electric bicycles in China in 2016. Electric bicycles were once very popular for their flexibility and convenience in many cities. However, the National Road Transportation Law [1] classifies the electric bicycle as a non-motor vehicle from legal and regulatory perspective and allows access to bicycle infrastructure. Consequently, safety problems such as speeding, overloading, occupying roadways, even riding on expressway, poor stability, changing directions randomly, contributing to congestion are serious. According to Shanghai traffic police department statistics, in non-motor vehicle accidents, electric bicycles accounted for more than 80% from January to September in 2017. According to Nanning traffic police department statistics, there were 2,778 traffic accidents involving electric bicycles which resulted in 28 deaths and 604 injuries in 2017. Moreover, in all traffic accidents of Nanning, the number of accidents, the number of deaths and the number of injuries associated with electric bicycles belong all in the top three.
So, local policies have been critical to the development of electric bicycles. Beijing introduced a ban on electric bicycles in early 2006, which was quickly withdrawn. However, on a part of the streets the electric bicycle has been prohibited again since 2016. Guangzhou also introduced a ban on electric bicycles in late 2006. Chengdu and Fuzhou have announced a licensing scheme that will restrict the use of electric bicycles in the city centre based on the size and speed characteristics. Shenzhen plans to ban electric bicycles in the developed areas of public transportation and key areas. However, it is impossible to eliminate electric bicycles in the cities in short term, because electric bicycles play an important role in the improvement of mobility and accessibility. It is necessary to limit the be a function of socio-economic characteristics and choice conditions. Further, with the given thresholds the difference between traditional discrete choice model and the proposed model has been discussed [16] . Obermeyer pointed out that the value of travel time savings will be biased if the time threshold is ignored in the route choice model [17] . Based on the route choice data from a real-world driving experiment, an analysis was conducted to observe the frequency of different choice strategies, examine the route switching behaviour and inertial choices. Finally, the inertia thresholds were estimated according to the lost travel time resulting from inertial choices [18] .
In this paper, the accepted thresholds of parking charge have been analysed, which can be used for decision-making regarding parking pricing of electric bicycles, and an acceptable threshold Logit model has been established to determine the parking charge thresholds of the electric bicycles. Based on the data of the electric bicycles, public bicycles and buses in Handan, China, the traditional Nest-Logit (NL) models and acceptable threshold NL models have been calibrated. By comparing the precision of the models with different travel distances and charging levels, the parking charge thresholds have been determined.
DATA COLLECTION
The study area is Handan of China which is about 10 km from east to west and from north to south. The common traffic modes include electric bicycles, public bicycles, cars, taxis, buses and walking which account for 18%, 11%, 22%, 8%, 18%, and 23%, respectively (the data were acquired from the "Travel Survey Report of Handan in 2015"). By 2020, the sharing ratio of electric bicycles, public bicycles, cars, taxis, buses and walking will be 8%, 14%, 23%, 8%, 23%, and 24%, respectively (the data were acquired from "The 13th Five-Year Traffic developing planning of Handan City"). It intends to reduce the use of electric bicycles in the central areas by parking charging to 8% and to promote a larger number of people transferring to buses and public bicycles. This paper aims to determine the parking charge thresholds of electric bicycles to limit their use and to find the alternative modes.
As is well known, walking, bicycles, electric bicycles, buses, bus rapid transit (BRT), subway, cars and taxis have their own ideal travel distances, which is illustrated in Figure 1 [19] [20] . From this figure, it can be seen that the reasonable travel distance of electric bicycles is about 6 km. Consequently, this paper divides the travel distances into two parts: within 6 km and outside 6 km. Furthermore, a detailed division is considered when the travel distance is within 6 km. The process of traffic modes choice can be divided into the first and the second level. Electric bicycles, cars and walking belong to private traffic modes, and public use of electric bicycles by parking charges and to develop the alternative traffic modes such as public bicycles, sharing bicycles and buses to gradually eliminate electric bicycles.
The existing research on parking charges focuses mainly on private cars. To mitigate the traffic congestion and reduce total social costs, a model was established to determine the parking charges and parking supply [2] . To compare the attitudes towards congestion and parking charge and explore their effect on travel behaviour, two Logit models were established [3] . Hensher et al. and Pierce et al. [4] [5] measured the effect of parking prices on the parking occupancy. Based on the stated preference data and logistic regression, a model was developed to predict the effects of the parking price on time limitation [6] . Based on the structural equation theory, a model on the influence factors related to the acceptability of parking charges was established [7] . Gillen et al., Wilson et al., Peng et al. and Qin et al. [8] [9] [10] [11] analysed the relationship between the parking price and the mode choice. Hypo-best price model of on-street parking charge was constructed which emphasises the policy factors of on-street parking in terms of the public feature of onstreet parking space [12] .
Even though parking charges are affected by many factors, it is undeniable that travellers' acceptance of parking charge must be taken into account. The travel choice behaviour will suffer unconventional changes when the parking fee is beyond the accepted price threshold of the travellers. Although some researchers have realised the importance of attribute threshold in travel choice behaviour, almost all the studies failed to mention how to determine the threshold. Kishi's Logit price sensitivity measurement (KLP) is often employed to obtain the price threshold of the consumer, which determines the price threshold according to the consumers' psychological reaction and cumulative probability distribution curve [13] . As well known the charge price can affect the travel behaviour, consequently, charge pricing ignoring the travel choice behaviour is too one-sided. In this paper, an attempt is made to estimate reversely the price threshold according to travel choice behaviour statistics results. Logit model can be used to analyse the travel choice behaviour; however, when the value of attributes exceeds the traditional Logit model can lead to errors in estimation [14] . Therefore, a semi-compensatory discrete choice model with explicit attribute thresholds of perception was established [15] , and the difference between traditional discrete choice model and the semi-compensatory discrete choice model considering threshold of attributes has been discussed. Considering the thresholds in the perception of changes in attribute values, a discrete model was established. The model postulates that if thresholds exist they could be random, differ between individuals, and they could even Travellers are more likely to choose electric bicycles regardless of whether they own a car or not, but travellers who own cars show a significant difference in the tendency of the mode choice. There is a large change in the mode choice when the travel distance is different. Therefore, a preliminary assessment is made that the gender, 18-30 years old, monthly income, car ownership and travel distance are significant factors in the mode choice.
METHODOLOGY

Basic model
Pursuing the maximum utility is the core principle of disaggregate model, in which respondents are supposed to know all the information about the alternatives and follow the compensation theory. Considering the time and cost for traveller n, the utility function of mode i is shown in Equation 1 .
where: U in represents the utility of traveller n when mode i is selected; V in stands for the systematic part of the utility; f in is the error between the systematic part of utility and the true utility; a, b is the coefficient of cost and time, respectively; cost i , time i represent the time and cost of mode i. Assume that there are two modes, cost and time are 2 yuan and 4 min, respectively in mode 1, cost and time are 6 yuan and 2 min, respectively in mode 2, a=-1, b=-2. Considering that two factors can be transformed mutually, both utilities equal -10. Thus, the choice probability of these two modes is the same in traditional Logit model. However, this is unreasonable. Once the cost or time exceed the travellers' bicycles, buses and taxis belong to public traffic modes. The traffic mode choice limbs which compete with the electric bicycles include public bicycles and buses, as shown in Figure 2 . Walking, cars and taxis will not be considered due to reasonable travel distances, ownership and cost.
Data collection is conducted through a questionnaire, in which the data are divided into three categories: RP data which are mainly used for the status analysis of the traffic mode choice, SP data which are mainly used for model calibration and personal attribute data. In the RP survey, the respondents' travel distance and traffic mode choice have been obtained; further, if one uses more than one traffic mode, the travel distance of each mode is collected. In our SP survey, the service level index has been the parking charge value including four discrete levels from 0, 1, 2 to 3 yuan and travel distance which has been categorized into seven groups including less than 1 km, 1-2 km, 2-3 km, 3-4 km, 4-5 km, 5-6 km and out of 6 km. The personal attributes include: gender, age, education level, car ownership and monthly income. In the or infinitely small, shown in Figure 3c and Figure 3d . Obviously, it is not consistent with the reality, especially when attributes such as time and cost are included in the utility. 
where: P(t) is the probability that nest t has been selected; P(c i |t) represents the probability of mode i when nest i is selected; N t is the choice limb set of nest t; N m is the selection set; V j is the system utility of the virtual choice limb j; V j * is a variable, reflecting the influence of the sublayer to the upper layer; V i is the system utility of mode i; m 1 is a parameter corresponding to variance v 1 2 , which only takes the utility of the sublayer into consideration, and the default value is 1; m 2 represents the parameter corresponding to variance v 2 2 , considering the utility of the sublayer and the upper layer at the same time. Note that the model will change to MNL model when m 2 =1. acceptable threshold X Ath , they may give up on this mode, which means U in will be infinitely small. This situation is defined as "non-compensation theory" in utility calculation [21] . Due to the existence of non-compensation mechanisms, the traveller's actual choice is determined by Equation 
where: S 1n , S 2n represent traveller n choosing mode 1 or mode 2; time n Ath , cost n Ath are acceptable thresholds of time or cost.
An acceptable threshold NL model is established based on the non-compensation theory and acceptable threshold. The model assumes that the acceptable threshold of attribute X for traveller n is X n Ath and the utility error term for each alternative is subject to the standard extreme value distribution. According to the joint cumulative distribution function of modes, the choice probability P(c i ) of mode i is shown in Equation 3 when the coefficient of attribute in utility function is negative and Equation 4 when the coefficient of attribute in utility function is positive. The relationship between the utility and the attribute is linear, and the utility will be infinitely small when the value of attribute is larger or smaller than a certain value, which is consistent with the reality, as shown in Figure 3a and Figure 3b . Without consideration of the threshold, the choice probability of mode is shown in Equation 5 . The relationship between the utility and attribute is linear, too. However, the utility is infinitely small or infinitely large when the attribute value is infinitely large If the absolute value of the t-test for the factor is greater than 1.96 in the calibration of NL model, there is a 95% confidence that the factor is a significant factor. The calibration results show that monthly income, gender, car ownership, age of 18-30, parking charge and travel distance are significant factors. Note that ρ 2 is less than 0.2, which means the accuracy is low; however, m 2 is 0.4235, which indicates a high degree of correlation in the nest of the model and a reasonable relationship among each layer of the model. Factor sensitivity can be measured using elasticities, defined as the percentage change in mode choice resulting from a 1% change in the factor, all else held constant. High elasticity value indicates that a relatively small change in the attribute causes a relatively large change in the mode choice. Low elasticity value means that the factor has relatively little effect on the mode choice [22] . For example, if the elasticity of electric bicycle ridership with respect to parking charge is -0.8, this means that each 1% increase in the transit fares causes a 0.8% reduction in ridership. So, the elasticity of attribute to traffic mode can be calculated as shown in Equation 6 . Taking a person with a monthly income of under 4,000 yuan, age 18-30, owning a car, travel distance 1-2 km, parking charge 1 yuan as an example, the elasticities have been calculated in Table 2 .
Threshold calculation procedure
According to the calibration result of NL model, gender, age, monthly income, car ownership and travel distance play significant roles in the mode choice. Moreover, the factor elasticities show that the travel distance and parking charge have the most important effects on the mode choice. Consequently, the acceptable threshold NL models are established based on the travel distance. Traditional NL models are established based on the data of different travel distances, and the accepted threshold NL models are established based on the data of different travel distances with different parking charge thresholds. Eventually, the best parking charge threshold is recommended according to the accuracy of different models, and the calculation process of parking charge threshold is as follows:
Step 1: According to the reasonable travel distance of the travel modes, travel distance A is divided into seven sections which include less than 1 km, 1-2 km, 2-3 km, 3-4 km, 4-5 km, 5-6 km and more than 6 km, described as:
, , , ;
Step 2: Parking charge is divided into four levels which include 0 yuan, 1 yuan, 2 yuan and 3 yuan, and the parking charge thresholds are arranged from small to large, recorded as: P={P 1 , P 2 , P 3 , P 4 };
Step 3:
Step 4: The traditional NL model, recorded as M i , is established based on the data that the travel distance is A i and the parking charge is P j ;
Step 5: Select P j ( j ≥ 2, because it means no threshold exists when j=1) as the parking charge threshold. According to the traveller's choice behaviour to judge whether their behaviour is suitable for the acceptable threshold model to filter data (if the traveller chooses electric bicycle and the cost of electric bicycle parking is beyond or equal to the threshold, the data will not be chosen; otherwise, the data will be chosen). Then the accepted threshold model is calibrated according to the filtered data, recorded as N j ;
Step 6: Then j=j+1 and return to Step 5;
Step 7: When j=4, compare the precision of M i , N 2 , N 3 , N 4 , and the best model is selected as the final calibration result, and parking charge thresholds are obtained;
Step 8: Then let i=i+1 and return to Step 4;
Step 9: When i=7, calibration ends, and the parking charge thresholds of different travel distances are obtained.
RESULT AND DISCUSSION
Traditional NL model
The traditional NL model was established according to all the SP survey data and the calibration results are shown in Table 1 . threshold NL model; therefore, "Under junior high school" is a significant factor, which indicates that groups whose education level is under junior high school pay more attention to the charge threshold. The coefficient of the parking charge is negative, which means that with higher parking charges, the utility of electric bicycle tends to decline. There is a significant difference among different parking charges when the threshold is taken into consideration. Further, the threshold NL model is more accurate than the traditional NL model (t 2 of threshold NL model is bigger), thus the parking charge thresholds do exist. The variation range of m 2 is 0.4-0.5 indicates that there is a high degree of correlation among limbs in the nest, and the relationship is reasonable. When the precision of the model is the highest, the charge value is recommended as the threshold, so the parking charge threshold within 3 km and outside 3 km is 1 yuan and 2 yuan, respectively.
Sensitivity analysis
Travellers' perception of the threshold is reflected by the coefficient of "parking charge" in threshold NL model, and the greater the absolute value of the coefficient, the higher the sensitivity to parking charge threshold. The coefficient of the parking charge with different travel distances is shown in Figure 4 . Figure 4 shows that when the travel distance is fixed, the threshold NL model in which the traveller has the highest sensitivity to the parking charge threshold has the highest acuracy, which further indicates that there is a parking charge threshold for the electric bicycle.
Cross-elasticities refer to the percentage change in the choice of a traffic mode resulting from a parking charge change in another related mode. For example, an increase in the price of riding electric bicycles tends to reduce the demand for electric bicycle and to increase the demand for bus and public bicycle. So, the where: i represents traffic mode i; P(c i ) represents the probability that traffic mode i is chosen; X represents attribute X; E X P cî h represents the elasticity of attribute x to traffic mode i.
Based on the calibration results of the traditional NL model we can know the monthly income, gender, car ownership, age 18-30, distance and parking charge are significant factors (absolute values of t-test greater than 1.96); further, the greater the elasticity absolute value of the influencing factors, the greater the degree of influence, and the factor elasticities in Table 2 show that the travel distance and parking charge have the most important effects on mode choice. So, it is reasonable to determine the parking charge threshold based on the travel distance.
Acceptable threshold NL model
The acceptable threshold model is calibrated when the travel distance is within 1 km, and the comparison of the calibration result between acceptable threshold NL model and traditional NL model (parking charge=0) is shown in Table 1 of the Appendix. Similarly, the calibration results with the distances of 1-2 km, 2-3 km, 3-4 km, 4-5 km, 5-6 km and more than 6 km are obtained. The calibration results show that significant factors and their coefficients are similar between the models with travel distances of 1-2 km and 2-3 km, and both of the parking thresholds equal 1 yuan. Consequently, the models are developed when the distance is 1-3 km and the results are shown in Table 2 of the Appendix. Similarly, significant factors and their coefficients are similar among the models with travel distances 3-4 km, 4-5 km and 5-6 km, and all of their parking thresholds equal 2 yuan. Consequently, a model is established when the distance is 3-6 km and the results are shown in Table 3 of the Appendix. As for the travel distance beyond 6 km, the results are shown in Table 4 of the Appendix.
The calibration results show that if the traveller owns a private car, the probability and utility of the electric bicycle will decrease. Education level is not a significant factor in traditional NL model; however, the absolute values of t test for the "Under junior high school" is greater than 1.96 in the acceptable 
Figure 4 -Sensitivity analysis with different travel distances
represents the proportion of public bicycle; PB represents the proportion of buses. Moreover, based on the calibration parameters of the model with a travel distance within 1 km and parking charge threshold of 1 yuan, the proportion of traffic modes and elasticities under different parking charges can be obtained as shown in Figure 5a . Similarly, Figures 5b, 5c and 5d can be obtained when the travel distance is 1-3 km, with parking charge threshold of 1 yuan; 3-6 km with parking charge threshold 2 yuan, and outside 6 km with parking charge threshold 2 yuan, respectively. Figures 5a-5d show when the parking charge of the electric bicycle is 0 yuan and travel distance is within 6 km, travellers prefer to choose electric bicycles. With the increase of the parking charge, the number of public bicycle and bus travellers will increase gradually. Also, travellers are more inclined to choose public bicycles at distances smaller than 3 km and buses are more attractive when the distance exceeds 3 km. When the travel distance is greater than 6 km, travellers prefer to choose buses and the proportions of electric bicycles and public bicycles are low.
proportion change of mode i resulting from the change of attribute X j to mode j can be calculated as shown in where: i and j represent traffic mode i and j, respectively; P(c i ) and P(c j ) represent the probabilities that traffic mode i and j are chosen, respectively; X j represents attribute X j ; E X P c ij î h represents the elasticity of attribute X j to traffic mode i.
According to the calibration results of Tables 1-4 in the Appendix, taking a person with a monthly income of under 4,000 yuan, 18-30 years of age, owning a car, educational level under junior high school, cross-elasticities were calculated with parking charge =0.5 yuan, 1 yuan, 1.5 yuan, 2 yuan, 2.5 yuan and 3 yuan, where EE represents the elasticity of the parking charge for electric bicycle; EP represents the cross-elasticity of parking charge for public bicycle; EB represents the cross-elasticity of parking charge for buses; PE represents the proportion of electric bicycle; PP to indicate that education level plays an important role when parking charge threshold is 2 yuan. With monthly income increasing, there will be fewer travellers who consider thresholds. It is worth pointing out that Handan is a medium-sized city with steel and coal as important industries; therefore, the employees who entered the industry in the early stage are not necessarily educated, but their income is higher) so the positive correlation between education level and monthly income is not evident. The threshold plays an important role in determining the parking charge value, and the larger the area of the curve, the larger the population who consider parking charge threshold. Also, the more people who consider the parking charge threshold, the more instructive the threshold obtained for the formulation of the related charging policy.
Suggested parking prices for electric bicycles
By 2020, the sharing ratio of electric bicycles, public bicycles, cars, taxis, buses and walking will be 8%, 14%, 23%, 8%, 23%, and 24%, respectively. That is, by 2020, the proportion of electric bicycles will have accounted for 17.8% of the sum of the three (electric bicycle, public bicycle and bus). Therefore, it is necessary to charge for electric bicycles to achieve the target sharing ratio. The pricing method based on the acceptable threshold is as follows:
Step 1: The attributes of traveller n remain unchanged. Given the initial parking charge 1 yuan/time;
Step 2: Based on the model with travel distance smaller than 1 km and threshold 1 yuan/time, travel distance 1-3 km and threshold 1 yuan/time, travel distance 3-6 km and threshold 2 yuan/time, travel distance outside 6 km and threshold 2 yuan/time, the probability of the traveller who chooses an electric bicycle can be calculated. If the probability is greater than 0.33, then it can be assumed that traveller n will choose the electric bicycle. Next, calculate the total number of people and the sharing ratio of electric bicycle { 1 ; Figure 5a shows that when the parking charge is 0 yuan, the respondents prefer to choose electric bicycles and the proportion is very high. With the increase of the parking charge the proportion of electric bicycles decreases sharply and the proportion of public bicycles and buses features a greater growth. However, when the parking charge is more than 1 yuan, the trend is not obvious. Further, elasticities show that when the parking charge is 0.5 yuan, the elasticities of electric bicycles, public bicycles and buses are -0.3864, 0.2983 and 0.4135, respectively, which indicates that when the parking charge increases by 100 percent, that is, the parking charge is 1 yuan, electric bicycles will decrease by 38.64 percent and public bicycles and buses will increase by 29.83 percent and 41.35 percent, respectively. When the parking charge is over 1 yuan, the proportion of public bicycles and buses increases slowly. Comparing the variety of mode ratio and elasticity with different parking charges, it can be further certified that the parking charge threshold with travel distance within 1 km is 1 yuan. Similarly, from Figures 5b-5d , it can be concluded that the parking charge thresholds are 1 yuan and 2 yuan, respectively, when the travel distance is smaller than 3 km and exceeding 3 km.
To analyse the travellers' perception of the parking charge threshold clearly, the statistical analysis of the threshold value with different attributes is carried out. The analysis result with the travel distance smaller than 3 km and the parking charge threshold of 1 yuan is shown in Figure 6a . The analysis result with the travel distance of more than 3 km and the parking charge threshold of 2 yuan is shown in Figure 6b .
From the two figures some conclusions can be made. Women are more concerned about the parking charge threshold and the proportion of people considering parking charge threshold decreases with age, which may be due to the increase of the income. Education level plays a small role when parking charge threshold is 1 yuan, and there is no sufficient reason the other method, which can better reflect the relationship between the charge threshold and travel choice behaviour. The acceptable threshold model can be also used in other cities where the electric bicycle still plays an important role, but the parameters such as interval division of travel distance and charge price should be adjusted. Once the model is used in the cars, the charge threshold is also affected by the parking time, parking location and some other attributes apart from the travel distance. Further, the idea of the proposed threshold model can be used in the calculation of the threshold in other fields such as walking and riding distance threshold in the subway station area. Although the method of determining the parking charge threshold of electric bicycles is recommended, there are some difficulties that should be discovered before being applied to the real world, such as the statistics of the attribute distribution and travel distance distribution. Moreover, the method of determining the pricing of electric bicycles based on the threshold model needs to be further researched. Additionally, the traveller's behaviour will suffer a sharp change at the charge threshold point in the accepted threshold method. In reality, the traveller is hesitant around this threshold. Therefore, a more complex change curve can be assumed, such as hard threshold function, and it is a piecewise linear function, where the slope within the threshold area is zero, and the soft threshold function, where the slope increases continuously from zero to the limit of one. The calculation results show that when parking charges are 1.5 one parking and 1.6 one parking the sharing ratios of electric bicycles are 17.6% and 17.9%, respectively, approximately to the target sharing ratio 17.8%. To transfer more electric bicycles to buses and public bicycles, the suggested parking charge is 1.6 yuan one parking.
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CONCLUSION
An acceptable threshold Logit model for determining the parking charge has been established based on the non-compensation theory and acceptable threshold. The data of electric bicycles, public bicycles and buses in Handan, China, have been applied to traditional NL models and acceptable threshold NL models, respectively. Comparing to the traditional NL mode, the results indicate that there is better precision in acceptable threshold NL model, and ρ 2 is greater than 0.2. Also, the calibration results and elasticity analysis indicate that the parking charge thresholds do exist, and the parking charge threshold within 3 km and outside 3 km are 1 yuan and 2 yuan, respectively. The electric bicycle proportion decreases sharply when the parking charge value fluctuates around the threshold. Also, with the parking charge value increase, the travellers prefer to choose public bicycle and bus. Further, it has been observed that the travellers are more inclined to choose public bicycles with the distances smaller than 3 km; otherwise, buses are more attractive. In terms of personal attributes, women are more concerned about the parking charge, and the education level plays a small role when parking charge threshold is 1 yuan. Furthermore, there is no sufficient reason to indicate that the education level plays an important role when parking charge threshold is 2 yuan. To transfer more electric bicycles to buses and public bicycles, the suggested parking charge is 1.6 yuan/one parking. 
